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Background: Genetic variation of the Kras oncogene is a candidate factor for increasing suscepti- 
bility to carcinoma and modulating response of metastatic colorectal cancer (mCRC) patients treated 
with anti-epidermal growth factor receptor monoclonal antibody (anti-EGFR). However, results from 
an increasing number of studies concerning the association of Kras gene rs712 and rs61764370 
polymorphisms with risk of cancer and treatment of mCRC using anti-EGFR remain equivocal. 
Methods: Risk associations were evaluated in 1,661 cases and 2,139 controls from six studies 
concerning rs712 and 14,796 cases and 14,985 controls from 29 studies concerning rs6 1764370. 
Response association was also examined in a subset of four studies pertaining to rs6 1764370 
and anti-EGFR treatment in mCRC. 

Results: Results of a meta-analysis showed that allele T (P- value of heterogeneity test [P ] =0.08, 
odds ratio [OR] =1.33, 95% confidence interval [CI]: 1 .08-1 .64) and genotype GT/TT (P H =0. 14, 
OR =1.30, 95% CI: 1.10-1.55) in rs712 were strongly associated with cancer in Chinese sub- 
jects. No evidence of association was observed between rs712 and risk of cancer in the overall 
population or between rs6 1764370 and ovarian, breast, colorectal, or non-small-cell lung cancer 
risk in the Caucasian population. No significant association was found between rs6 1764370 and 
patient response to anti-EGFR therapy in mCRC. 

Conclusion: The findings not only provide further evidence that allele T of rs712 increases 
genetic predisposition to cancer in Chinese population, but also no significant association 
between rs61764370 and cancer risk in Caucasian population, and suggest that genotype GT/ 
TT of rs6 1764370 may not be a biomarker for predicting clinical outcome of anti-EGFR therapy 
in mCRC. 

Keywords: rs712, rs61764370, single nuclear polymorphism 

Introduction 

In spite of abundant emerging data contributing to understanding of the molecular 
mechanisms of carcinogenesis and cancer prevention, the number of new diagnoses 
and death rates, especially in developing countries, continue to rise. In the People's 
Republic of China, cancer morbidity and mortality rates in 2009 were 285.91/100,000 
and 180.54/100,000, respectively, which were higher than the rates of 250.03/100,000 
and 166.22/100,000, respectively, in 2004. 13 Further, a 2012 US cancer report showed 
that approximately 1.6 million new cancer cases and 0.58 million cancer deaths 
were projected to occur in 2013. 4 Many factors, such as mutation, single nucleotide 
polymorphism (SNP), and epigenetic dysregulation of oncogene or tumor suppressor 
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gene, have been found to lead to activation of oncogene or 
expressed silence of tumor suppressor gene and eventually 
give rise to carcinogenesis. 5 

Kras gene, a member of the Ras gene family, is one 
of the most important oncogenes in carcinogenesis and 
acts as an intracellular signal transducer. 6 It encodes a 
guanosine diphosphate (GDP)/GTP guanosine triphosphate 
(GTP)-binding protein that belongs to the small GTPase 
superfamily, regulates signal transduction, and is involved 
in cell proliferation and differentiation through Kras-related 
RAF/MEK/MAPK,AKT, and ERK pathways. 6 - 8 Mutation of 
the Kras oncogene plays a pivotal role in the pathogenesis 
of various solid tumors in humans, 9 with a 30%-60% muta- 
tion frequency detected in colorectal adenocarcinomas. 10 
On the other hand, repression of Kras expression could 
inhibit tumor growth and invasion by small interfering RNA 
(siRNA) or microRNA (miRNA). 11 Let-7 miRNA posttran- 
scriptionally regulates Kras oncogene expression by targeting 
the 3 '-untranslated region (3'-UTR) of messenger RNA 
(mRNA) for degradation or translation repression. 12 Let-7 
complementary binding site (LCS) SNPs, located in Kras 
gene 3'-URT, have been found to modulate the binding ability 
with let-7, 12 consequently resulting in aberrant expression of 
Kras gene. Thus, these loci are considered candidate genetic 
susceptibility factors for carcinogenesis. 

Recently, emerging studies concerning let-7 LCS polymor- 
phisms mKras 3'-UTR, rs712 andrs61764370, reported that 
these SNPs increased risk of cancer and affected the survival 
of patients with malignant cancer using anti-epidermal growth 
factor receptor monoclonal antibody (EGFR) therapy in meta- 
static colorectal cancer (mCRC)." 14 However, other studies 
pertaining to these loci had conflicting conclusions. 1516 

On the basis of accumulating evidence, a comprehensive 
meta-analysis of retrospective and prospective studies was 
conducted for the following purposes: 1) to evaluate the 
association of rs712 and rs61764370 with risk of cancer; 
and 2) to estimate the influence of rs6 17643 70 genotypes 
on anti-EGFR treatment in mCRC. 

Materials and methods 

Study identification and selection 

In this meta-analysis, relevant studies dating to November 20 1 3 
were searched for in the PubMed, Google Scholar, Embase, 
and Wanfang Data in accordance with the Meta-analysis Of 
Observational Studies in Epidemiology (MOOSE) guidelines. 17 
Additional studies were identified by manual retrieval in order 
to obtain substantial articles. The following search terms were 
used: 1) "rs712, rs61764370 or LCS6 and tumor, cancer or 



carcinoma"; 2) "Kras polymorphism and tumor, cancer or car- 
cinoma"; 3) "Let-7, Kras and tumor, cancer or carcinoma"; 4) 
"Let-7, Kras, LCS6 and cancer, EGFR". Relevant studies were 
first identified through review of each retrieved title and abstract. 
Then, relevant full-text studies were identified as eligible for 
meta-analysis according to the following inclusion criteria: 1) 
case control study concerning rs712, rs61764370, and cancer 
risk, or anti-EGFR therapy in mCRC, in English or Chinese; 2) 
cases were solid cancer patients and controls were cancer- free 
healthy individuals; 3) sufficient genotype frequency data were 
provided for calculating odds ratio (OR) and 95% confidence 
interval (CI); and 4) genotype distribution of the control group 
was consistent with Hardy-Weinberg equilibrium. Non-case 
control studies, reviews, comments, communications, meta- 
analyses, single-group design studies, and case control studies 
with duplicated data were excluded from this study. 

Data extraction 

Two investigators (Hou-Qun Ying and Feng Wang) indepen- 
dently extracted data from each study identified as eligible 
per the inclusion and exclusion criteria. A consensus was 
required for the inclusion of studies. From each eligible study, 
baseline characteristic data were extracted, which comprised 
the following: author name or abbreviated study name; year of 
publication; country; ethnicity; cases and controls; detection 



Retrieval of possible relevant articles 
in PubMed, Google Scholar, Embase, 
Wanfang database (364) 



Identification of abstract 



Exclusion of unrelated 
articles (270) 



Identification of full-text article 



Exclusion of reviews 
and meta-analysis (61) 



Exclusion of communication, 
comment (14) 



Exclusion of insufficient 
genotype data (1 ) 



Eligible article included in 
present meta-analysis (1 8) 



4 articles including 4 studies 
concerning rs61 764370 and 
anti-EGFR treatment and one 
study concerning rs61 764370 
and colorectal cancer risk 



6 articles including 
6 studies concerning 
rs712 and cancer risk 



8 articles including 28 studies 
concerning rs61764370 and 
cancer risk 



Figure I Flowchart of retrieval and identification of eligible studies. 
Abbreviation: EGFR, epidermal growth factor receptor monoclonal antibody. 
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Table 1 Baseline characteristics of each 


eligible study 


concerning Kras polymorphisms 


and risk of cancer 




Study and year 


Country 


ccn iiici ty 


Cases 




Mnaiybls assay 


BEL 201 I 28 


Belgium 


Caucasian 


1 73 invasive epithelial ovarian 


253 healthy controls 


Fluidigm 








cancer patients 






BWH 201 I 28 


USA 


Caucasian 


1 37 invasive epithelial ovarian 


142 healthy controls 


lllumina Hap3 1 7 








cancer patients 






Chin et al, 20 08 30 


USA 


Caucasian 


325 non-small-cell lung cancer 


325 healthy controls 


TaqMan®-PCR 








patients 






Chin et al, 2008 (2) 30 


USA 


Caucasian 


2,205 non-small-cell lung 


1 ,497 healthy controls 


TaqMan®-PCR 








cancer patients 






Christensen et al, 


USA 


Caucasian 


513 head and neck squamous 


597 healthy controls 


TaqMan®-PCR 


2009" 






cell cancer patients 






Cerne et al, 20 1 2 2 ' 


Slovenia 


Caucasian 


530 sporadic and 165 familial 


270 cancer-free controls 


TaqMan®n-PCR 








breast cancer cases 






DOV20I I 28 


USA 


Caucasian 


698 invasive epithelial ovarian 


72 1 healthy controls 


TaqMan®-PCR 








cancer patients 






GER 201 I 28 


Germany 


Caucasian 


213 invasive epithelial ovarian 


265 healthy controls 


Fluidigm 








cancer patients 






HJO 201 I 28 


Germany 


Caucasian 


1 95 invasive epithelial ovarian 


1 5 1 healthy controls 


Fluidigm 








cancer patients 






HMO 201 I 28 


Belarus 


Caucasian 


259 invasive epithelial ovarian 


426 healthy controls 


Fluidigm 








cancer patients 






HOC 201 I 28 


Finland 


Caucasian 


350 invasive epithelial ovarian 


434 healthy controls 


Fluidigm 








cancer patients 






Hollestelle et al, 201 I 27 


the Netherlands 


Caucasian 


1 ,042 breast cancer 


797 cancer-free controls 


TaqMan®-PCR 


HOP 201 I 28 


USA 


Caucasian 


365 invasive epithelial ovarian 


368 healthy controls 


TaqMan®-PCR 








cancer patients 






Kjersem et al, 20 1 2 35 


Norway 


Caucasian 


1 97 colorectal cancer patients 


358 healthy controls 


TaqMan®-PCR 


Landi et al, 20 12 15 


Czech Republic 


Caucasian 


717 colorectal cancer patients 


1,171 healthy volunteers 


AS-PCR 


Li etal, 20 13 23 


People's Republic 


Chinese 


1 8 1 gastric cancer patients 


674 cancer free controls 


PCR-RFLP 




of China 










MAY 201 I 28 


USA 


Caucasian 


358 invasive epithelial ovarian 


520 healthy controls 


lllumina 6 1 0 Quad 








cancer patients 






NCO 201 I 28 


USA 


Caucasian 


494 invasive epithelial ovarian 


655 healthy controls 


lllumina 6 1 0 Quad 








cancer patients 






NTH 201 I 28 


the Netherlands 


Caucasian 


296 invasive epithelial ovarian 


327 healthy controls 


Fluidigm 








cancer patients 






OVA 201 I 28 


Canada 


Caucasian 


494 invasive epithelial ovarian 


4 1 6 healthy controls 


Fluidigm 








cancer patients 






Paranjape et al, 20 1 1 31 


USA 


Caucasian 


415 breast cancer patients 


457 healthy controls 


TaqMan® PCR 


Pan etal, 20 14 13 


People's Republic 


Chinese 


339 colorectal cancer patients 


3 1 3 healthy controls 


PCR-RFLP 




of China 










Pan et al, 20 1 4 25 


People's Republic 


Chinese 


1 88 nasopharyngeal carcinoma 


356 healthy controls 


PCR-RFLP 




of China 




patients 






Peng etal, 20 10 26 


People's Republic 


Chinese 


83 non-small-cell lung cancer 


80 healthy volunteers 


PCR-RFLP 




of China 




patients 






PVM 201 I 28 


Denmark 


Caucasian 


20 1 invasive epithelial ovarian 


2 1 5 healthy controls 


Fluidigm 








cancer patients 






Ratneretal, 20 1 0 32 


USA 


Caucasian 


1 00 ovarian cancer patients 


101 healthy controls 


TaqMan®-PCR 


Ratneretal, 2010 (2) 32 


USA 


Caucasian 


320 ovarian cancer patients 


322 healthy controls 


TaqMan®-PCR 


Ryan etal, 20 12 34 


USA 


Caucasian 


375 colorectal cancer patients 


202 healthy controls 


No data 


TBO 201 I 28 


USA 


Caucasian 


227 invasive epithelial ovarian 


1 68 healthy controls 


lllumina 6 1 0 Quad 








cancer patients 






TOR 201 I 28 


Canada 


Caucasian 


734 invasive epithelial ovarian 


556 healthy controls 


lllumina 6 1 0 Quad 








cancer patients 






UCI 201 I 28 


USA 


Caucasian 


1 92 invasive epithelial ovarian 


372 healthy controls 


Fluidigm 








cancer patients 






UK-GWAS 201 I 28 


UK 


Caucasian 


1 ,325 invasive epithelial ovarian 


1,325 healthy controls 


Fluidigm 








cancer patients 






(Continued) 


OncoTargets and Therapy 20 1 4:7 






submit your manuscript vw 


1489 



Dovepress 



Ying et al 



Dovepress 



Table I (Continued) 



Study and year 


Country 


Ethnicity 


Cases 


Controls 


Analysis assay 


UK2 201 I 28 


UK 


Caucasian 


1 ,778 invasive epithelial ovarian 


2,355 healthy controls 


lllumina 6 1 0 Quad 


USC 201 1 28 


USA 


Caucasian 


cancer patients 

260 invasive epithelial ovarian 


343 healthy controls 


TaqMan 8 -PCR 


Yan et al, 20 13 24 


People's Republic 
of China 


Chinese 


cancer patients 
1 S3 glioma patients 


204 healthy controls 


PCR-RFLP 



Abbreviations: AS-PCR, allele-specific PCR; PCR, polymerase chain reaction; PCR-RFLP; PCR-restriction fragment length polymorphism; BEL, Belgium Ovarian Cancer 
Study; BWH, Brigham Women's Hospital Study; DOV, Diseases of the Ovary and their Evaluation Study; GER, German Ovarian Cancer Study; HJO, Hannover-Jena Ovarian 
Cancer Study; HMO, Hannover-Minsk Ovarian Cancer Study; HOC, Helsinki Ovarian Cancer Study; HOP, Hormones and Ovarian Cancer Prediction Study; MAY, Mayo 
Clinic Ovarian Cancer Study; NCO, North Carolina Ovarian Cancer Study; NTH, Nijmegen Ovarian Cancer Study; OVA, Ovarian Cancer Study; PVM, Pelvic Mass Study 
and Malignant Ovarian Cancer Study; TBO, Tampa Bay Ovarian Cancer Study; TOR, Familial Ovarian Tumour Study; UCI, UC Irvine Ovarian Cancer Study; UK2, SEARCH, 
Southampton Ovarian Cancer Study, Scottish Randomized Trial in Ovarian Cancer, United Kingdom Ovarian Cancer Population Study; USC; Los Angeles County Case- 
Control Studies of Ovarian Cancer; UK-GWAS, SEARCH, United Kingdom Ovarian Cancer Population Study, Cancer Research UK Familial Ovarian Cancer Register, Royal 
Marsden Hospital Study, UK 1958 Birth cohort, UK Colorectal control.. 



method; genotype data; number of total and part responses 
as well as nonresponses; ORs; and 95% CIs. 

Statistical analysis 

Crude ORs and 95% CIs were used as common measurements 
for assessing the strength between Kras polymorphism and 
cancer risk as well as response to anti-EGFR therapy in 
mCRC patients. Heterogeneity was assessed by Cochran's Q 
test and/ 2 , 18 19 and a P-value of heterogeneity test (P H ) <0. 10 
was considered significant heterogeneity. The fixed model was 
chosen to evaluate the combined data when the heterogeneity 
test was assumed to be homogenous; otherwise, the random 
model was used to estimate the overall effect. 20 - 21 Stability 
of meta-analysis was estimated using sensitivity analysis by 
omitting each eligible study successively. Both Begg's funnel 
plot and Egger's test were used to establish possible publica- 
tion bias, 2122 and asymmetry of funnel plot and P-value of 
Egger's test <0.05 were considered to indicate the existence 
of publication bias. All calculations were performed using 
Stata (v 1 1 .0; StataCorp LP, College Station, TX, USA) and 
RevMan (v 5.2; The Nordic Cochrane Centre, The Cochrane 
Collaboration, Copenhagen, Denmark) software. 



Results 

Eligible studies 

The flowchart of the eligible study search is shown in Figure 1 . 
In total, 364 articles were obtained from the databases and 
by manual retrieval. According to the inclusion and exclusion 
criteria, 270 unrelated articles, 6 1 reviews and meta-analyses, 
14 comments or communications, and one study with 
insufficient genotype data were excluded from the present 
study. As a result, a total of six case control studies 1315 - 23-26 
concerning rs7 1 2 and cancer risk, 29 case control studies 27-35 
relating to rs61764370 and cancer, and four studies 1416 - 35 - 36 
concerning rs6 1764370 and anti-EGFR treatment in mCRC 
were enrolled as eligible studies. The baseline characteristics 
of eligible studies are listed in Tables 1 and 2. 

rs7l2 and cancer risk 

The results of heterogeneity testing and overall effects of meta- 
analysis and Egger's test are listed in Table 3 . As shown in Table 
3 and Figure 2, no significant association was found between 
rs712 and risk of cancer in the overall population (P H =0.27, 
OR = 1 . 1 0, 95% CI: 0.95-1 .28 for genotype GT versus geno- 
type GG; P H =0.04, OR =1 .21, 95% CI: 0.90-1 .50 for genotype 



Table 2 Baseline characteristics of each eligible study of rs6 1 764370 and clinical outcome of metastatic colorectal cancer patients 
treated with anti-EGFR 



Study and 


Country 


Ethnicity 


Cases 


Anti-EGFR 


CR+ PR 




SD + PD 




P-value 


year 








antibody 


TT 

genotype 


TG/GG 
genotype 


TT 

genotype 


TG/GG 
genotype 




Graziano et al, 


Italy 


Caucasian 


1 2 1 metastatic colorectal 


Cetuximab 


20 


6 


67 


28 


>0.05 


20 1 0 36 
Sebio et al, 


Spain 


Caucasian 


cancer patients 

92 metastatic colorectal 


Cetuximab and 


23 


0 


49 


20 


<0.0I 


20I3 16 

Kjersem et al, 


Norway 


Caucasian 


cancer patients 

355 metastatic colorectal 


panitumumab 
Cetuximab 


140 


33 


157 


25 


>0.05 


20I2 35 
Zhang et al, 


USA 


Caucasian 


cancer patients 

98 metastatic colorectal 


Cetuximab 


5 


5 


78 


10 


<0.0I 


201 I 14 






cancer patients 















Abbreviations: CR, complete response; EGFR, epidermal growth factor receptor monoclonal antibody; PD, progressive disease; PR, partial response; SD, stable disease. 
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GT/TT versus genotype GG; P H =0.002, OR =1.23, 95% CI: 
0.98-1 .54 forT versus G). After stratifying the population into 
Chinese and Caucasian subgroups, significant associations 
were observed in comparisons of GT/TT and GG (P H =0.14, 
OR =1.30, 95% CI: 1.10-1.55) and T and G (P H =0.08, 
OR =1.33, 95% CI: 1.08-1.64) in the Chinese population. 

rs6 1 764370 and cancer risk 

Because of the low frequency of genotype GG in rs61 764370, 
the majority of studies did not provide data for genotype GG, 
but, combining GG and GT, one single comparison (GT/GG 
versus TT) was evaluated in this locus. The comparison was 
analyzed in 29 studies, which included 14,796 cases and 
147,985 controls. As shown in Table 3 and Figure 2, the GT/GG 
genotype of rs6 1 764370 was not significantly associated with 
cancer risk in the overall population (P H =0.03, OR=l .06, 95% 
CI: 0.97-1.15). After stratification analyses in accordance 
with cancer type, the GT/GG genotype was not observed 
to be associated with ovarian cancer (P H =0.008, OR =1.06, 
95% CI: 0.95-1.19), breast cancer (P H =0.97, OR =0.99, 
95% CI: 0.83-1.19), colorectal cancer (P H =0.50, OR =1.13, 
95% CI: 0.83-1 .54), or non-small-cell lung cancer (P H =0.05, 
OR =0.93, 95% CI: 0.60-1.43). 

rs6 1 764370 and response of anti-EGFR 
treatment in mCRC 

The association of rs6 1764370 and influence of anti-EGFR 
treatment in mCRC patients were estimated in combining 
with four original studies. Result in overall population 
showed that no statistically significant association was found 



between GT/GG genotype and response of mCRC treated 
with anti-EGFR (P H =0.003, OR = 1.18, 95% CI =0.34^.71) 
(Figure 3). 

Sensitivity analysis 

The stability of this meta-analysis was examined to estab- 
lish the influence of each eligible study on the pooled ORs 
by omitting a single study successively each time, and the 
corresponding pooled ORs were not materially changed in 
any comparison. 

Publication bias 

Possible publication bias was assessed using Begg's funnel 
plot and Egger's test. As shown in Table 3 and Figure 3, 
the shapes of the funnel plots were symmetrical, and the 
f-values from the Egger's test indicated that no publication 
bias was found in any comparison. 

Discussion 

miRNA is an endogenous small non-coding RNA of 
1 7-24 nucleotides that negatively regulates gene expression at 
the posttranscriptional level, predominantly by binding to the 
3'-UTR of target mRNAs through nucleotide pairing. 37 It pro- 
vides a wide range of functions in various physiological and 
pathological processes, including organ growth and develop- 
ment, cell proliferation and differentiation, and carcinogenesis 
and metastasis. 38 ^ 11 Let-7, the first discovered miRNA family, 
which includes let-7a-g and i, has been verified as a tumor 
suppressor factor in various kinds of cancer. 12 - 42 - 43 Expression 
of Kras was downregulated through ten let-7 LCSs, which 



Table 3 Meta-analysis results of rs7 1 2, 


rs6 1 764370, and cancer risks 


as well as 


response of anti-EGFR the 


rapy in 


metastatic colorectal 


cancer patients 
















Locus 


Comparison 


Population/Subgroup 


P H 


I 2 




P E 


OR and 95% CI 


rs7l2 


Genotype GT vs 


Overall 


0.23 


27% 


0.19 


0.39 


1.10 (0.95-1.28) 




genotype GG 


Chinese 


0.27 


23% 


0.07 


NA 


1.18 (0.98-1.41) 






Caucasian 


NA 


NA 


0.75 


NA 


0.96 (0.74-1.24) 




Genotype GT/TT vs 


Overall 


0.04 


58% 


0.10 


0.41 


1.21 (0.90-1.50) 




genotype GG 


Chinese 


0.14 


43% 


0.002 


NA 


1.30 (1. 10-1.55) 






Caucasian 


NA 


NA 


0.59 


NA 


0.94 (0.73-1.19) 




T vs G 


Overall 


0.002 


73% 


0.07 


0.27 


1.23 (0.98-1.54) 






Chinese 


0.08 


52% 


0.008 


NA 


1.33 (1.08-1.64) 






Caucasian 


NA 


NA 


0.45 


NA 


0.94 (0.80-1.1 1) 


rs6 1764370 


Genotype GT/GG vs 


Overall 


0.03 


37% 


0.20 


0.32 


1.06 (0.97-1.15) 




genotype TT 


Ovarian cancer 


0.008 


48% 


0.28 


NA 


1.06 (0.95-1.19) 






Breast cancer 


0.97 


0% 


0.95 


NA 


0.99 (0.83-1.19) 






Colorectal cancer 


0.50 


0% 


0.42 


NA 


1.13 (0.83-1.54) 






Non-small-cell lung cancer 


0.05 


73% 


0.73 


NA 


0.93 (0.60-1.43) 


rs6 1764370" 


Genotype GT/GG vs 


Overall 


0.003 


78% 


0.79 


NA 


1.18 (0.34-4.17) 



genotype TT 

Note: a Meta-analysis result of rs6l 764370 and response of anti-EGFR therapy in metastatic colorectal cancer. 

Abbreviations: CI, confidence interval; EGFR, epidermal growth factor receptor monoclonal antibody; NA, not applicable; OR, odds ratio; P H , P-value of heterogeneity test; 
P z , P-value of Z-test; P E , P-value of Egger's test; vs, versus. 
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were found in Kras 3'-UTR. 30 SNPs of rs712 in LCS1 and 
rs6 17643 70 in LCS6 can disrupt the let-7 binding site and 
decrease the combining capacity between them, contributing 
to aberrant Kras expression. 30 Increasing evidence shows two 
SNPs (rs712 and rs6 1764370) not only are associated with 
cancer, but also rs6 1764370 can modulate the anti-EGFR 



treatment response in mCRC. Meanwhile, contradictory 
results have been observed in other studies. 131416 

In the current study, the possible associations of rs7 1 2 and 
rs6 1764370 with risk of cancer and anti-EGFR therapy effi- 
cacy in mCRC were investigated by meta-analysis. The results 
showed that genotypes GT and GT/TT and allele T of rs712, 



Figure 2 (Continued) 



A Experimental Control Odds ratio 

Study or subgroup Events Total Events Total Weight M-H, random. 95% CI 



Odds ratio 
M-H. random, 95% CI 



Li etal, 20 1 3 23 


92 


362 


263 


1,368 


17.9% 


1.43 (1.09, 1.88) 






Pan et al 2014" 


177 


678 


120 


626 


18.2% 


1.49 (1.15, 1.94) 






Panetal 201 4 25 


88 


376 


172 


712 


17.1% 


0.96 (0.71, 1.29) 






Penetal 201 0 26 


37 


166 


33 


160 


10.3% 


1.10(0.65, 1.87) 






Yanetal, 2013 2 ' 


84 


306 


73 


408 


15.0% 


1.74(1.22,2.48) 






Subtotal (95% CI) 




1,888 




3,274 


78.5% 


1.33 (1.08, 1.64) 




♦ 


Total events, n 


478 




661 













Heterogeneity: i 2 =0.03; ^=8.36, df=4 (P=0.08); F=52% 
Test for overall effect Z=2.67 (P=0.008) 



Caucasian 

Landietal,2012 ,s 615 1,434 
Subtoal (95% CI) 1,434 
Total events, n 615 
Heterogeneity: not applicable 
Test for overall effect Z=0.75 (P=0.45) 



1,004 21.5% 
1,004 21.5% 



0.94(0.80, 1.11) 
0.94(0.80, 1.11) 



Total (95% CI) 3,322 
Total events, n 1093 1.107 

Heterogeneity: i 2 =0.05; ^=18.78, df=5 (P=0.02); / 2 =73% 
Test for overall effect Z=1 .82 (P=0.07) 

Test for subgroup differences: ^=6.62, df=1 (P=0.01); / 2 =84.9% 



4,278 100.0% 1.23(0.98,1.54) 



0.01 0.1 
Favors (experimental) 



10 100 
Favors (control) 
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Figure 2 Results of meta-analysis of rs7l2 and rs6 1 764370 polymorphism loci and cancer risk. 

Notes: (A) T versus G of rs7l2. (B) Genotype GT versus genotype GG of rs7l2. (C) Genotype GT/TT versus genotype GG of rs7l2. (D) Genotype GT/GG versus 
genotype TT of rs6 1 764370. 

Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel; BEL, Belgium Ovarian Cancer Study: BWH, Brigham Women's Hospital Study; DOV:, Diseases of the 
Ovary and their Evaluation Study; GER, German Ovarian Cancer Study; HJO, Hannover-Jena Ovarian Cancer Study; HMO, Hannover-Minsk Ovarian Cancer Study; 
HOC, Helsinki Ovarian Cancer Study; HOP, Hormones and Ovarian Cancer Prediction Study; MAY, Mayo Clinic Ovarian Cancer Study; NCO, North Carolina Ovarian 
Cancer Study; NTH, Nijmegen Ovarian Cancer Study; OVA, Ovarian Cancer Study; PVM, Pelvic Mass Study and Malignant Ovarian Cancer Study;TBO, Tampa Bay Ovarian 
Cancer Study;TOR, Familial Ovarian Tumour Study; UCI, UC Irvine Ovarian Cancer Study; UK2, SEARCH, Southampton Ovarian Cancer Study, Scottish Randomized 
Trial in Ovarian Cancer, United Kingdom Ovarian Cancer Population Study; USC; Los Angeles County Case-Control Studies of Ovarian Cancer; UK-GWAS, SEARCH, 
United Kingdom Ovarian Cancer Population Study, Cancer Research UK Familial Ovarian Cancer Register, Royal Marsden Hospital Study, UK I 958 Birth cohort, UK 
Colorectal control. 



OncoTargets and Therapy 20 1 4:7 



submit your manuscript 



1493 



Dovepress 



Ying et al 



Dovepress 




0 0.2 0.4 0 0.2 0.4 
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Figure 3 Begg's funnel plots of rs7l 2, rs6 1 764370, and cancer risk. 

Notes: (A) T versus G of rs7l2. (B) Genotype GT versus genotype GG of rs7l2. (C) Genotype GT/TT versus genotype GG of rs7l2. (D) Genotype GT/GG versus 
genotype TT of rs6 1 764370. 

Abbreviations: Log, logarithm; OR, odds ratio; SE, standard error. 



and genotype GT/GG of rs6 1 764370, were not associated with 
cancer, revealing that appearance of genotypes GT and GT/TT 
and the T allele of rs712 might not increase predisposition to 
cancer in the overall population and that genotype GT/GG of 
rs6 17643 70 was not a genetic susceptibility factor for cancer 
in the Caucasian population. Significant associations were 
observed between genotype GT/TT and allele T of rs712 and 
risk of cancer in Chinese populations. The findings suggest 
that genotype GT/TT and allele T of rs712 could increase 
cancer risk and might be genetic susceptibility factors for 
cancer, only in the Chinese population. The following possible 
reasons might account for our findings. 

Due to differences in ethnic genetic backgrounds in 
Caucasian and Chinese populations, frequency of the G allele 
of rs61764370 in the Chinese population is less than 1%, 
and no study reported an association of this locus with can- 
cer risk in the Chinese population. Although rs712 allele 
frequency in the Caucasian population is higher than 5%, 
only one eligible study 15 reported the association between 
rs712 and cancer risk in this population; therefore, small 
sample sizes of cases and controls in eligible studies may 
limit the power to reach a more precise result in Caucasian 
populations, for only one eligible study with sample size of 
cases and controls were less than 1000 concerning rs712 and 
cancer risk in Caucasian population. Moreover, on the basis 



of capability of let-7 regulating Kras expression, we deduced 
that the allele T of rs7 12 might disrupt and interfere with the 
combining capacity between let-7 and the 3'-URT of Kras 
mRNA and somehow lower the level of cellular let-7 con- 
centration or reduce its activity. 30 44 Due to loss of inhibition, 
expression of Kras is upregulated. Consequently, lower 
concentration or activity of let-7 and higher Kras-expressed 
p21 protein are involved in promoting cell proliferation and 
division, leading to carcinogenesis and metastases. 45 ' 46 

Biological target treatment is an effective measure for 
malignant cancer therapy. Anti-EGFR monoclonal antibodies, 
cetuximab and panitumumab, are extensively used in mCRC 
therapy until now. Both mutation and SNP of Kras gene has 
been reported to affect response rates of mCRC treated with 
anti-EGFR. 47 Combining each including study, our meta- 
analysis results showed no statistically significant effect of 
genotype GT/GG of rs6 1764370 on response rates of mCRC 
patients treated with anti-EGFR, suggesting that genotype 
GT/GG does not influence the anti-EGFR therapy response 
in mCRC, thus should not be considered a predictor of the 
efficacy of anti-EGFR therapy in mCRC. 

The current meta-analysis is, to our knowledge, the first 
assessment of the relationship between Kras polymorphism 
and risk of cancer, as well as the first assessment of treat- 
ment of anti-EGFR in mCRC, and provides a more reliable 
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estimation of the association between rs712, rs6 1764370 
and cancer risk as well as response to anti-EGFR therapy in 
mCRC patients when compared with any single study with 
small samples. However, there are several limitations of the 
meta-analysis, which should be addressed. First, retrieval 
of eligible studies was only performed in PubMed, Google 
Scholar, Embase, and Wanfang databases in English and 
Chinese, which means eligible studies published in other 
languages may have been overlooked, which could have led 
to selection bias. Second, small numbers of cases (< 1 ,000) in 
the majority of eligible studies decreased the statistical power. 
Third, the sample size of this meta-analysis is the largest of 
sample size in the Meta-analysis so far, but it was neither large 
nor comprehensive enough to allow for a precise conclusion 
to be reached, especially in Chinese or Caucasian population. 
Finally, due to unavailable data in some included studies, we 
could not perform a meta-analysis based on adjustments for 
age, diet, smoking, or other environmental factors. 

Conclusion 

Genotype GT/TT and allele T of rs712 may be potential risk 
factors for developing cancer in the Chinese population, 
while GT/GG of rs6 1764370 neither increases predisposition 
to cancer in Caucasian people nor predicts clinical outcome 
of anti-EGFR therapy in mCRC. Given the limitations of the 
current study, a larger sample size and functional analysis 
are warranted to further validate the results. 
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